Introduction

42
At the sewage treatment plant (STP) Blaricum, the Netherlands, a 350 µm mesh size fine 43 sieve (Salsnes Filter, Norway) for raw sewage pretreatment is installed, immediately after the 44 6 mm coarse screen. The fine sieve is implemented as a compact alternative to primary 45 clarification to separate suspended solids from sewage prior to biological nutrient removal.
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The produced cake layer or fine sieved fraction (FSF) has a very heterogeneous composition 47 but is presumed to contain mainly cellulosic fibers originating from toilet paper (Ruiken et al., Toilet paper or toilet tissue is one of the mostly used hygiene products, particularly in
54
Northern Americas, and European countries, whereas it is less used in large parts of Asia and 55 Africa (http://www.worldwatch.org/node/5142). The major component of all hygiene papers 56 is fibrous cellulose, mostly from tree origin. Toilet papers are available in different qualities; 57 they are generally smooth and can be embossed, unprinted or patterned, tinted, purely white 58 or off-white (Holik, 2006) .
59
Toilet paper is either made from virgin pulp, which is mainly extracted from wood and partly 60 from non-wood cellulose (e.g., bamboo) and is called virgin fibers based toilet paper (VTP), 61 or it is made from recycled paper fibers, which is known as recycled fibers based toilet paper 62 (RTP). The type of pulp and paper chemicals used has an influence on the final quality of the 63 tissue paper, e.g. softness, strength, absorbency and appearance. In the process of making 
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The FSF biodegradability was investigated in our previous researches in batch reactors, 102 applying mesophilic and thermophilic conditions. Results of our previous study revealed a 103 maximum biodegradability of 57% and 62% for mesophilic and thermophilic FSF digestion, VPPP, VTP and RTP samples were supplied from Dutch paper factories and were considered 117 the cellulose fiber-based substrates in our experiments, whereas MCC was purchased from
118
Sigma Aldrich (98% purity, Germany). Prior to conducting the experiments, VPPP, VTP and 119 RTP were cut into 1-2 mm pieces. These pieces were mixed with demineralized water and 120 blended for about 15 minutes to form a soft bulky substrate (Fig.1) . Table 3 
Inoculum
131
As inoculum for the batch tests, well-adapted and highly active sludge was used. Fresh 132 inoculums were sampled from thermophilic and mesophilic mixed FSF fed-batch digesters
133
(working volume of 8L), which were operated for over 500 days. The characterization of both 134 inoculates was done according to the methods described in the previous paragraph. Initial pH 135 of the thermophilic and mesophilic inoculum sludge were 7.4± 0.2 and 7.0± 0.1, respectively.
136
Characteristics of the used substrates are given in Table 2 .
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The anaerobic biodegradation of the FSF was performed using the anaerobic methane 
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The BMP is the net methane production per gram substrate VS added during the entire 154 incubation period (subtracting the blank methane production) at standard temperature and 155 pressure, which has the unit of mL CH 4 /gVS added .
156
The BMP tests were conducted at an inoculum to substrate ratio (R I/S ) of 3 under both 157 conditions. (Table 3) , however, the COD/VS 167 ratio was constant under both conditions. The results of the BMP assays using different 
Specific methane potential rate (SMPR)
171
Specific methane production rate (SMPR) (expressed in mL CH 4 /g VS inoc .d) was obtained by 
Anaerobic biodegradability (AnBD)
188
The relationship between anaerobic biodegradability (AnBD) and BMP is given in Eq. 
Results and Discussion
201
Dry weight and ash content of the inoculum and substrates that were used in the experiments 202 are presented in Table 3 . Lowest and highest COD/VS ratios were found for MCC and VPPP, 
Biomethane potential (BMP)
216
The BMP, or ultimate methane yield tests, giving the maximum amount of mL CH 4 /g VS added ,
217
were conducted under mesophilic and thermophilic conditions for all substrates. Thermophilic 218 and mesophilic digestion presented different substrate degradation characteristics.
219
With respect to the assessed BMP, the values for RTP, MCC and FSF were higher under 220 thermophilic conditions compared to the mesophilic digesters, whereas VPPP and VTP 221 obtained higher BMP values under mesophilic conditions. As expected, the highest BMP was (Table 4) .
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The reasons for the observed differences in BMP between the 2 temperature conditions are 230 not (yet) clear and might be related to the added process chemicals (Table 1) . During 
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Initial lag phases of almost 0.5 day and 1.2-2.0 days were found for all cellulose fiber-based 244 substrates under thermophilic and mesophilic conditions, respectively, followed by a rapid 13 methane production, which was higher in thermophilic assays compared to the mesophilic further investigated (Fig.3) . SMPR showed similar behaviour for all substrates under 273 thermophilic conditions (Fig.3 ): very high rates were observed at the start of the BMP assay 
Apparent hydrolysis rate (K h )
15
Apparent hydrolysis rates (K h ) were calculated using the cumulative methane production 292 curves from the BMP tests. Such mathematical approach is only warranted when no 293 intermediates accumulate (see also section 2.6), thus, when acetogenesis and methanogenesis
294
is not rate limiting. Owing to the set-up of the BMP batch assays, daily VFA measurements 295 were not performed. However, by employing well-adapted inoculums and applying R I/S ratios 296 of 3 in the BMP tests, we assumed that intermediates were not accumulating during the BMP (Fig. 3) , the accumulation of (inhibitory) intermediates is not very likely. Speculatively,
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VTP may contain a higher amount of inhibitory paper chemicals. However, in the latter case, 
